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It is a well known fact in the chiken that there are many oral, or salivary, 
glands which open into the oral cavity. The classification or nomenclature of these 
glands has been somewhat inconsistent and confused by authors. CALHOUN (1954) 
listed the following nine sorts of glands which might be considered to constitute the 
salivary glands: the maxillary, palatine, spheno-pterygoid, crico-arytenoid, anterior 
and posterior lingual, anterior and posterior submandibular, and angulus oris glands. 
The structure of these glands has been studied macroscopically and microscopically 
in detail by many workers, including HEIDRICH (1908), ZIETSCHMANN ( I91 I), 
HOLTING (1912), ANTONY (1920), CHODNIK (1947, 1948), McCALLION and AITKEN 
(1953), and BRADLEY and GRAHAME (1960). All the workers have completely agre-
ed that the chicken salivary glands are all mucous ones which secrete mucin. They 
employed, however, only the conventional methods for the microscopic identifica-
tion of mucin, and little has been known of the precise histochemical properties of 
mucin. The present study was performed, therefore, to clarify the nature of mucin 
contained in the salivary glands of the chicken by using some histochemical methods 
lately developed for the identification of mucopolysaccharide. 
MATERIALS AND METHODS 
The salivary glands were examined in 10 adult White Leghorn hens in this 
study. The birds were sacrificed by decapitation. Then, the oral cavity was ex-
posed bilaterally by cutting the mandibula at the angularis oris on one side. Small 
pieces of the glandular tissue, together with the surrounding tissues, were removed 
carefully, so that samples might be collected from the salivary glands as identified 
by CALHOUN's classification and terminology. They were fixed in cooled alcohol-
formalin (9: I) or I 0% neutral formalin. Then they were dehydrated in graded alco-
hol, embedded in paraffin, and sectioned at 5-7 p. The sections from each chicken 
were mounted on the same slide glass and subjected simultaneously to examination. 
For conventional histological observation, hematoxylin and eosin, or Heidenhain's 
azan stain was used. For histochemical test of mucin, the following methods were 
employed. 
(I) The periodic acid-Schiff reaction (PAS) for mucopolysaccharide (McMANUS, 
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1948). 
(2) The metachromasia reaction was allowed to take place at room temperature 
for 20 minutes, with 0.02% azure A solution which had been adjusted to pH 1.5, 
2.5, 3.2, and 4.1 with WALPOLE's or SoRENSEN's buffer. 
(3) The alcian blue method (AB) (MOWRY, 1956) and the colloidal iron method 
(CI) (RINEHART and ABu'L-HAJ, 1951) for acid mucopolysaccharide. 
(4) The aldehyde-fuchsin method (AF) (HALMI and DAVIES, 1953), and either 
the aldehyde fuchsin-alcian blue method (AF-AB) or the alcian blue-aldehyde fuch-
sin method (AB-AF) (SPICER and MEYER, 1960). 
(5) The alcian blue-PAS method (AB-P AS) (MOWRY and MORAND, 1957). 
( 6) Methylation for the blocking acid groups was carried out by the method of 
FISHER and LILLIE (1954). In this method, incubation was made in 50ml of metha-
nol with addition of 0.5% of concentrated hydrochloric acid at 37 or 60°C. 
(7) Saponification was performed in a 1 % potassium hydroxide solution in 70% 
ethanol at 25°C for 30 minutes, according to the method of LILLIE (1958). 
(8) Mild acid hydrolysis was carried out in 0.1M acetate buffer, at pH 2.5, at 37 
or 60oC for 4 hours in such manner as described by QUINTARELLI et al. (1961). 
(9) The ninhydrin-Schiff reaction (YASUMA and ICHIKAWA, 1951) and the mer-
curic bromphenol blue test (MAZIA et al., 1953) for protein. 
(10) Digestion with hyaluronidase (testicular hyaluronidase produced by the 
Tokyo Kasei Co.) was done as described by McMANUS and MowRY (1960). Diges-
tion with diastase (malt diastase produced by the Sigma Co.) was made by the pro-
cedure of LILLIE and GRECO (1947). Digestion with sialidase (influenza virus vac-
cine produced by the Microbiological Research Institute, Osaka University) was 
performed in the following manner: A few drops of sialidase solution were placed 
on a section kept at 37"C four times at 6 hours intervals. 
RESULTS 
Histologically, the salivary glands of the chicken generally resembled one an-
other in structure. They consisted universally of aggregates of branched tubular 
glands. Their excretory ducts opened into the oral cavity with many openings, 
except the angulus oris and maxillary glands which had only one opening. The 
glandular epithelium was composed of a single layer of tall columnar cells. The 
glandular cells varied somewhat in size and shape with the stage of secreting activity, 
but they were essentially different in minute structure from one salivary gland to 
another. The salivary glands, therefore, were divided into two large types, A and 
B, by the structure of their glandular cells. This division of the salivary glands 
agreed with the classification by HEIDRICH (1908), who discriminated two types of 
glands by the arrangement of excretory ducts. Type A was composed of the max-
illary, anterior lingual, and angulus oris glands, and type B of the palatine, anterior 
and posterior submandibular, spheno-pterygoid, posterior lingual, and crico-arytenoid 
glands. In type A, the glandular cells were low columnar in shape and contained a 
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somewhat round nucleus which was situated close to the proximal pole of the cell 
(Fig. 1 ). The cytoplasm appeared vesicular and somewhat dark when stained with 
hematoxylin and eosin. On the contrary, the glandular cells of type B were tall in 
height and contained a nucleus Aattened at the basis of the cell (Fig. 2). Jn this 
type, the cytoplasm appeared light and extensively vesicular. The lumina of the 
glands were filled with a large amount of secretion. 
Fig. I. Maxilla ry gla nd. The glandula r cell 
is low columnar. The nucleus is some-
what round. In the present study, thi s 
sort of sa liva ry gland is classified into 
type A. Hematoxylin a nd eosin sta in. 
X 100. 
Fig. 2. Posterior lingua l gland. The gla n-
dula r cell is ta ll columna r. The nucleus 
is fla ttened at the basis of the cell. T his 
sort of sa livary gla nd is classified into 
type B. Hematoxylin and eosin stain. 
X 100. 
Histochemically, the contents of the secretory epithelium and the secretion 
mass in the lumen were identical in reaction. The results obtained from histochemi-
cal examinations of the salivary glands are summarized in Table 1. As shown in 
the table, all the salivary glands generally manifested similar staining reactions. Jn 
more detail, two patterns of staining were noted in the mucin of the gland in ac-
cordance with the structural types, A and B. mentioned above. 
Jn both types, the contents of the glandular cell and the secretion in the lumen 
were stained diffusely dark red by the PAS method. The intensity of color, how-
ever, was more conspicous in type B than in type A (Fig. 3). The positive PAS 
materia ls did not disappear after digestion with diastase. They were also stained 
metachromatically with azure A at a controlled value of pH, though the extinction 
value of metachromasia was different between the two types. The metachromasia 
in type A was faint at pH J .5, a little intense at pH 2.5, and the most intense at a 
pH range from 3.2 to 4.1. On the contrary, that in type B was intense even at pH 
Table I. Staining properties of mucin in salivary glands of chiken 
Sphene- Crico-ary- Anterior Posterior Anterior Posterior Angulus 
w 
Maxillary Palatine 
.,. 
pterygoid tenoid lingual lingual submandibular submandibular oris 
00 
Periodic acid-Schi ff I ++ ttt ttt ++ tf+ ttt ttt ++ tt+ 
Azure A metachromasia 
at pH 1.5 + ttt ttt + ttt 1ft tl+ + tf+ 
at pH 2.5 ++ ttt tft ++ ttt ttt tH ++ tH 
at pH 3.2 tH ttt ttt ttt tft tft tH tH tH 
at pH 4.1 ttt ++ ++ ttt ++ ++ ++ ttt ++ 
followed by methylation 
37'C (pH 2.5) + ++ ++ + ++ ++ ++ + ++ 
60"C ( II ) 
followed by methyl.-saponi-
fication (at pH 2.5) ++ ++ ++ ++ ++ ++ ++ ++ ++ 
Ul 
Alcian blue 'T1 
control ++ tH ttt ++ tft ttt tt+ t1t ++ t: 
followed by methyl. - - - - - - - Ro 
followed by methyl.-saponific. ++ + + ++ + + + ++ + :-1 
Colloidal iron ++ tft ttt ++ tH tH +It ++ ttt -l > 
Aldehyde fuchsin ++ tH tit ++ tH ++ tH ++ 1ft 
;;:: 
Aldehyde fuchsin-alcian blue purplish blue purple purple purplish blue purple blue purple purplish blue purple 
c 
;.l 
Alcia n blue-aldehyde fuchsin purple blue blue purple blue purple blue purple blue 
> 
Alcian blue-PAS 
control purplish red purplish red purple purple purple purple purple purple purple 
followed by methyl. red purplish red red purple red purple red purple purple 
Mild acid hydrolysis (60"C) 
metachromasia (at pH 2.5) 
_I + ++ ++ + + + ++ + + alcian blue + tl+ ++ + tH + ttt + ++ 
Diastase digestion no effect 
Sialidase digestion no effect 
Hyaluronidase digestion no effect 
Ninhydrin-Schiff + - ± 
Mercuric bromphenol blue + - I 
+= positive reaction. The number of plus signs is proportiona l to the intensity of the reaction. ±=doubtful or exceedingly weak reaction. 
- = negative reaction. 
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I .5 or lower, the most intense at a pH range from I .5 to 3.2, and less intense at pH 
4.1. The positive PAS materials were also stained by method AB (Figs. 6 and 9) or 
CI (Fig. 4). The stained color was more striking in type B than in type A. When 
stained by method AF, those materials were bright purple in type B (Fig. 5) and fee-
ble purple in type A. After double staining by method AF-AB or its reciprocal 
method AB-AF, they were purplish blue by AF-AB and purple by AB-AF in type 
A, whereas they were purple and blue, respectively, in type B. This indicates that 
Fig. 4. Maxillary gland. The cyto-
plasm is deeply stained. Col-
loidal iron staining. x 100. 
Fig. 3. Maxi llary gland. The cyto-
plasm of the glandula r cell is 
strongly positive for sta ining. 
Periodic acid-Schitf sta ining. 
X 100. 
Fig. 5. Crico-a rytenoid gla nd. T he 
cytoplasm of the gla ndula r cell 
is deeply stained. A ldehyde 
fu...:hsin method. x 100. 
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the mucin of type A always took the second dye and that of type B the first dye, 
regardless of the sequence of staining with the two dyes. By method AB-PAS, the 
positive PAS materials were stained in varying colors from purple to purplish red, 
and no clear difTerence was observed in staining between the two types of glands. 
The alcianophilia and azurophilic metachromasia of the mucin partly diminish-
ed by methylation at 37oC for 4 hours and entirely disappeared by methylation at 
60oC for 4 hours (Fig. 7). When saponification was carried out after methylation , such 
properties as alcianophilia and metachromasia of the mucin were restored relatively 
well in type A, but only poorely in type B (Fig. 8). Accordingly, after methylation 
the coloration by method AB-P AS was changed from purple to red owing to the 
elimination of alcianophilia, and the PAS reactivity diminished slightly. Mild acid 
hydrolysis at 60oC for 4 hours reduced the alcianophilia and metachromasia of the 
glands of type A, and the anterior submandibular glands characteristically, while it 
did those of the glands of type A only slightly. The ninhydrin-Schi JT reaction and 
mercuric bromphenol blue test for protein were faintly positive or perfectly negative. 
Neither hyaluronidase nor sialidase afTected the alcianophilia and metachromasia of 
the mucin. 
Fig. 6 Fig. 7 Fig. 8 
Fig. 6. Anterior submandibular gland. The cytoplasm of the glandular e;ell is deeply 
stained. Control. Alcian blue method. x I 00. 
Fig. 7. Anterior submandibular gland. Alcianophilia disappeared completely from 
the cytoplasm. Compare with Fig. 6. Alcian blue method. x 100. 
Fig. 8. Anterior submandibular gland. Note restoration of alcianophilia blocked by 
methylation. Compare with Figs. 6 and 7. Alcian blue method after saponifica-
tion. x 100. 
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Fig. 9. Anterior submandibular gland. 
Control. Alcian blue method. x 150. 
Fig. 10. Anterior subma ndibula r gla nd. 
Alcianophilia disa ppea red almost 
completely from the cytoplasm. 
Compare with Fig. 9. Alcian blue 
method after mild acid hydrolysis. 
X 150. 
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According to the many workers cited above, the salivary glands of the chicken 
are all mucin-secreting ones, being different from those of the mammal which are 
composed of mucous and serous glands. DifTerentiation of a mucous salivary gland 
was made by such stain as thionin, Bismarck brown, and mucihematein. Jn the 
present study, the contents of the glandular cell were strongly PAS-reactive, azure 
A-metachromatic, and strongly alcianophilic, and showed affinity to various acid 
mucin stains. Furthermore, they were almost or entirely negative for such protein 
tests as the ninhydrin-Schin· reaction and the mercuric bromphenol blue test. Dia-
stase digestion did not alter the PAS reactivity. The use of hyaluronidase and siali-
dase modified none of the properties, inculuding alcianophilia. metachromasia, and 
PAS reaction. These results indicate that the glandular cell is devoid of glycogen, 
basic protein which shows metachromasia, and hyaluronic and sialic acid, both of 
which belong to acid mucin. The occurrence of these histochemical reactions is 
attributed to the properties of acid mucopolysaccharide. lt is clear, therefore, that 
the salivary glands of the chicken are all mucous ones, and that the mucin secreted 
is acid mucin which bas no connection with sialic or hyaluronic acid. 
According to FISHER and LILLI E ( 1954), and SPICER and LILLI E ( 1959), acid 
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mucin is characterized by the presence of such acid radicals as sulphyl, carboxyl, and 
phospholyl in the polymer. The alcianophilia and metachromasia of acid mucin 
are induced by the presence of these acid radicals. Therefore, a question arises 
which acid radical is related to the formation of acid mucin in the salivary glands. 
As already stated, there were small differences in the histochemical reactions of acid 
mucin between the two types of salivary glands. The mucin of the type A gland 
manifested metachromasia when stained with azure A at a pH range from 3.2 to 
4.1. Jt was stained feeble purple by method AF and took the second dye used in 
double staining by method AF-AB or AB-AF. On the other hand, the mucin of 
type B gland manifested metachromasia when stained with azure A at a pH range 
from 1.5 to 3.2. It was stained bright purple by method AF and took the first dye 
used in double staining by method AF-AB or AB-AF. These h istochemical differ-
ences of acid mucin between the two types of salivary glands may probably be 
derived from the difference in acid radicals contained in the mucin or in constituents 
of the mucin. 
Previously, ABU' L-HAJ and RINEHART ( 1952) stated that a bright purple stain 
by method AF and metachromasia by staining at pH 1.5 indicated the presence of 
sulfated mucopolysaccharide. SPICER ( 1961 ), who established standards for histo-
chemical differentiation of mucin, pointed out that sulfated mucopolysaccharide 
revealed a clear metachromasia at pH 1.5 or lower and was stained much more 
strongly by method AF than nonsulfated mucopolysaccharide. He also found that 
sulfated mucin was always stained with the first dye used either in method AF-AB 
or in method AB-AF, and nonsulfated mucin with the second dye used in either 
method. From these findings, in addition to the results obtained from the present 
study, it may well be that the mucin substrates of the salivary glands are compounds 
of nonsulfated and sulfated mucopolysaccharide, and that the mucin of the type A 
salivary glands (the maxillary, anterior lingual, and angulus oris glands) is mainly 
composed of nonsulfated mucin, and that of the type B ones ( the palatine, anterior 
and posterior submandibular, spheno-pterygoid, posterior lingual, and crico-arytenoid 
glands) of sulfated mucin. 
This presumption was supported by the results of the methylation and the sub-
sequent saponification of the mucin. FJSHER and LiLLI E ( 1954) reported that the 
methylation eliminated metachromasia and alcianophilia of acid mucin, because it 
esterized the carboxyl or phospholyl group and hydrolyzed the sulphyl group. In 
the former case, saponification following methylation restored the original structure 
and, accordingly, the properties of acid reactions. In the Latter case, saponification 
no longer restored the original structure and, accordingly, the properties of acid re-
actions. In fact, in the present study, metachromasia and alcianophilia disappeared 
completely from the mucin by methylation in all the salivary glands. With saponi-
fication following methylation , they were restored almost completely in the mucin 
of the type A gland, but only partly in that of the type B gland. Particularly, the 
incomplete restoration of acid reactions after saponification in the mucin of the type 
B gland seemed to lend support to the alleged presence of sulfated mucin in this 
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gland. 
It is worthy of noting that mild acid hydrolysis markedly reduced the alciano-
philia and metachromasia of the mucin in the anterior submandibular glands. 
QuiNTARELLI et al. (1961), who were the first to apply this method to the identifica-
tion of sialomucin, reported that the sialic acid was destroyed by means of mild acid 
hydrolysis and hydrolyzed with sialidase, causing the entire disappearance of acid re-
actions. From their report, the nature of the mucin of the anterior submandibular 
glands is likely to suggest the presence of sialic acid. In the present study, however, 
treatment with sialidase failed to induce any change in the acid reactions of the 
mucin. Judging from these results and the occurrence of a strong metachromasia at 
a low value of pH, only a small amount, if any, of sialic acid seems to be contained 
in the anterior submandibular glands. At any rate, further investigation will be 
necessary to clarify the character of the mucin contained in the anterior submandib-
ular glands. 
Concerning the structure of the salivary gland, many workers are not always of 
the same opinion. HEIDRICH (1908) divided the 'salivary glands into three types by 
structure, classifying most of them into two types. HoLTING (1912), CALHOUN 
(1954), and some other workers asserted that all the glands developed into the same 
structure. In the present investigation, two types of glands were distinguished his-
tologically by the minute structure of the constituent glandular cells. The two 
types of glands were differentiated clearly by the histochemical properties of the 
acid mucin contained. Therefore, it is preferable to divide the salivary glands into 
two types, as did Heidrich. 
SUMMARY 
The mucin of the salivary glands of the chiken was examined histochemically. 
The results obtained are as follows. 
(l) In all the salivary glands, the contents of the glandular cell and the secre-
tion in the glandular lumen were strongly periodic acid-Schiff reactive, azure A-meta-
chromatic at a low value of pH, and alcianophilic, and showed affinity to various 
acid mucin stains. Methylation completely deprived the glandular cell of such pro-
perties as alcianophilia and metachromasia. Saponification after methylation almost 
completely restored those properties blocked by methylation. Digestion with such an 
enzyme as diastase, hyaluronidase, or sialidase failed to modify the staining proper-
ties of the glandular cell. The cell was almost negative for ninhydrin-Schiff and 
mercuric bromphenol blue reactions for protein. From the results of these histo-
chemical reactions, it was concluded that the salivary glands of the chiken were all 
mucin-secreting ones, and that the mucosubstance contained in the glands was acid 
mucopolysaccharide in nature. 
(2) The acid mucin of the salivary glands was considered as compounds of 
nonsulfated and sulfated acid mucopolysaccharide. It was different in composition 
from one gland to another. The salivary glands were divided into two groups on 
354 S. FUJII & T. TAMURA 
the basis of this difference. The maxillary, anterior lingual, and angulus oris glands 
were composed mainly of nonsulfated acid mucopolysaccharide and classified into 
one group. The palatine, anterior and posterior submandibular, spheno-pterygoid, 
posterior lingual, and crico-arytenoid glands consisted mainly of sulfated acid muco-
polysaccharide and formed the other group. 
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